SUmmARY There is a need for a simple clinical measurement that will indicate the extent of myocardial salvage after successful thrombolysis. This study examined whether coronary artery reperfusion reduced the infarct size as assessed electrocardiographically after thrombolytic treatment. The sum of the (E) ST segment area in leads showing ST segment elevation in the 12 lead electrocardiogram at presentation was used as an index of potential myocardial injury (initial ischaemic index). The evolved infarct size at 48 h was assessed by a QRS scoring system. Two groups of patients, both admitted with anterior myocardial infarction within 6 h of onset, were studied. Group 1 (n = 35) received analgesia only and group 2 (n = 33) received thrombolytic treatment either by the intracoronary (streptokinase, n = 13) or intravenous route (anistreplase, n = 20). Reperfusion was assessed angiographically. The mean (SD potential infarct size assessed by the initial ischaemic index was similar in both groups (group 1, ST area = 115 (60) MM2 and group 2 = 126 (77 mm2). The QRS score representing evolved infarct size was significantly lower in the treated group (4-1 (2-5)) than in group 1 (7-8 (2-6)). The 95% confidence intervals for QRS scores based on the admission E ST area from patients with successful reperfusion were applied to a third set of patients (n = 22) to test the ability of the admission ST area (myocardial injury) to predict the QRS score accurately . While patients with successful reperfusion had significantly lower QRS scores than those who did not (4 5 (3-1) v 9-3 (3-4)), the wide confidence intervals caused by inter-individual variability precluded an accurate prediction of the QRS score in an individual from the I ST area at time ofpresentation. There was no difference in infarct size in patients treated early (<3 h) (QRS score 4-2 (2 8)) or later (3-6 h) (4-1 (2-1)).
from the I ST area at time ofpresentation. There was no difference in infarct size in patients treated early (<3 h) (QRS score 4-2 (2 8)) or later (3-6 h) (4-1 ).
This study provides evidence that sequential electrocardiographic changes are reduced in patients with anterior myocardial infarction who achieve reperfusion after thrombolytic treatment and that this benefit is shown with treatment given up to six hours after infarct onset. None the less, the relation between the initial ischaemic index and the evolved QRS score has wide confidence intervals, reflecting inter-individual variability, and does not allow the prediction ofa QRS score in an individual patient. Thrombolytic treatment is being widely used in patients with acute myocardial infarction; the aims of treatment are coronary artery reperfusion"2 and maintenance of left ventricular function. 3 Brief, high dose intravenous infusion of streptokinase is a feasible treatment that may be given in all coronary care units and has reduced mortality in hospital. 45 Non-invasive methods to confirm both coronary artery reperfusion and the degree of myocardial salvage would be helpful in planning long term
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Accepted for publication 16 February 1989 management. We have already reported on the use of 12 lead electrocardiograms to determine reperfusion.' ST segment elevation is an electrocardiographic marker of coronary artery occlusion, and the natural course of the development ofsequential electrocardiographic changes after clinical infarction has been intensively studied.78 This study investigates the serial changes in conventional 12 11-7~~~~~~~~f Only three patients in group 2 did not show reperfusion and therefore we did not do a formal statistical analysis to compare the electrocardiographic score of the reperfusion group with the non-reperfusion group. The non-reperfused patients, however, showed Q wave development similar to the control group (table 2). The patients in group 2 were further divided according to the interval between the onset of cardiac pain and the 2-1) . Figure 3 shows a scatter diagram of the individual scores for group 1 and group 2 with the respective linear regressions (QRS = 4-6 + 0-027 x I ST area, and QRS = 1-6 + 0-020 x I ST area). These regressions describing each group separately fit the data better than a single regression through all points (p < 005).
The 95% prediction intervals for QRS scores were calculated using the reperfusion data for group 2. These intervals are shown in fig 4 with control data for group 1 superimposed. Many control patients (51%) had QRS scores within the 95% prediction intervals for reperfused cases.
To investigate whether these intervals could be used accurately to predict QRS scores in individual patients, group 3 was used as a test group. The intervals were used to predict the QRS scores expected if reperfusion had occurred in the new patients. Out of 22 patients given thrombolytic treatment, 11 obtained a patent artery 90 minutes after treatment, and 11 did not. Both subgroups had similar degrees of myocardial injury on presentation (X ST area = 147 (74) mm2 (reperfusion group) and 171 (76) mm2 (non-reperfusion group) (NS). Patients who obtained reperfusion had lower QRS scores than the group who did not (4-5 (3-1) v 9-3 (3-4)) (p < 0-01). Figure 5 , however, shows that only five of the 11 without reperfusion had values outside the prediction intervals for reperfused cases. All patients except one who achieved reperfusion fall within the prediction intervals shown. The wide interindividual variability does not allow the prediction of a QRS score for an individual. being treated with thrombolysis, the control group may include patients with a subtotal coronary artery occlusion at the time ofpresentation or those who had spontaneous reperfusion.9 Such coronary artery morphology may be associated with less eventual myocardial damage, and the inclusion of such individuals would again tend to bias results against finding a difference in evolved QRS scores.
It has long been recognised that ST segment elevation is an electrocardiographic marker of coronary artery occlusion.'3 The conventional 12 lead electrocardiogram has been used principally for diagnosis, but some studies have followed the natural course of the sequential changes that occur during infarction.78 Selwyn et al showed that in patients with acute anterior myocardial infarction the precordial area of ST segment elevation at two hours was directly related to the extent of developed Q waves at 24 hours after the onset of pain.8 An arbitrary time interval of48 hours from presentation was chosen for the measurement of evolved infarct size in our study because Q wave development is believed to be complete at this time. Interventions such as intraaortic balloon pumping"4 and administration of atenolol'5 and hyaluronidase,'6 designed to improve coronary artery perfusion and limit the degree of myocardial damage, have made use of changes in ST segments to indicate reduced ischaemia, and have used preservation of the R wave and reduction in Q wave development to indicate salvaged myocardium. We have already reported elsewhere on the specificity of ST segment reduction to predict coronary artery reperfusion during thrombolysis. 6 23 Our present study confirms that a reduction in Q wave formation was associated with coronary artery reperfusion and that the reperfusion group had lower QRS scores than the control group. This is in contrast with the findings of Mikell et al who found that the QRS scores were the same irrespective of whether the patient had achieved successful reperfusion.2' Mikell et al did show an improvement in left ventricular ejection fraction if the patient had reperfusion, and they suggested that there was a lag between electrocardiographic changes and left ventricular recovery or function. In the patients that they studied there was a preponderence of inferior infarctions, and this may explain why a difference in QRS score was not seen. Previous studies have shown that both ST segment changes and QRS scores are more variable in patients with inferior infarcts. This may reflect the small number of leads that show changes with inferior infarction, and that therefore represent only a limited proportion of the underlying myocardium."5
Despite being able to show a reduction in QRS scores in these patients in whom there was reperfusion, when prediction intervals were calculated for this group the limits were so wide and overlap between groups such that clinical predictions regarding infarct size were not helpful. There may be several reasons for this degree of inter-individual variability. Hackworthy et al used the same QRS score as we did and showed that collateral formation resulted in a smaller than expected infarct size. 26 Only in patients with a totally occluded artery with no collaterals did the initial peak ST elevation correlate with electrocardiographic infarct size. Certainly the presence of collaterals may reduce the expected QRS score in patients with no anterograde flow, who would be classed as not having reperfusion. We know from De Wood et al that 15 % of patients presenting within six hours of infarction will have a subtotal occlusion, and that there is a spontaneous reperfusion rate. 9 hours.'3" In the present study beneficial changes in electrocadiographic indices of myocardial infarct size were shown even in those individuals given thrombolytic treatment 3-6 hours after the onset of symptoms. This suggests that functional benefit measured electrocardiographically may still be obtained if treatment can be started within six hours of the onset of cardiac pain. The potential for benefit may be present in those patients in whom coronary collaterals have previously developed or in whom acute infarction is associated with a subtotal coronary artery stenosis rather than a complete occlusion. 32 We used conventional 12 lead electrocardiograms to show a significantly lower QRS score for the evolved infarct in patients who achieved reperfusion after thrombolysis for acute anterior myocardial infarction. Beneficial changes in this functional marker were obtained after successful reperfusion achieved by thrombolysis up to six hours from onset ofpain. The wide inter-individual variability in QRS scores makes prediction of infarct size on an individual basis unhelpful. This variability may be accounted for in part by degree of collateral supply, time to reperfusion, or by the presence of a subtotal occlusion at time of presentation. None the less, the reduction in QRS scores seen in patients who achieve reperfusion after thrombolytic treatment may provide a non-invasive index of myocardial salvage for groups of patients.
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